Sexually transmitted infections (STIs), such as *Chlamydia trachomatis* and *Neisseria gonorrhea,* are among the most common causes of morbidity globally.^[@bib1]^ Consequences of STI, such as pelvic inflammatory disease, and infertility have a major impact on sexual and reproductive health.^[@bib2]^ Much heterogeneity in STI risk exists in the general population, as a result of differences in population- and individual-level characteristics that are associated with increased risk of acquiring STI, such as demographic characteristics (eg, age, education level, or sexual preference)^[@bib3],[@bib4]^ and sexual behavior (eg, condom use, number of partners).^[@bib5]--[@bib7]^

The interplay between sexual behavior and psychological characteristics, such as knowledge, attitudes, and risk perception, might further differentiate individuals in terms of STI risk. For example, individuals with more knowledge and more positive attitudes regarding STI prevention might be more likely to use condoms, but this does not necessarily influence their number of partners.^[@bib8]^ Furthermore, high-risk perception is associated with higher condom use,^[@bib9],[@bib10]^ and more health care--seeking behavior,^[@bib11]^ but many individuals engaging in high-risk behavior underestimate their STI risk.^[@bib12]--[@bib14]^ Better understanding of what motivates people to change their behavior in a more risk-reducing direction is needed to develop more effective behavior change interventions.

It is likely that sexual behavior and STI risk of an individual change over time.^[@bib15]--[@bib17]^ For example, periods of low- and high-risk sexual behavior may alternate during the sexually active years.^[@bib15],[@bib18]--[@bib20]^ In addition, sexual behavior might temporarily become less risky after STI^[@bib18]^ or HIV diagnosis,^[@bib19]^ or become more risky after partnership dissolution.^[@bib20]^ Research, to date, on the impact of behavior change on STI risk tends to focus on men who have sex with men (MSM),^[@bib16],[@bib21]^ in particular the influence of the introduction of preexposure prophylaxis.^[@bib22],[@bib23]^ Few studies have statistically modeled variation in both behavioral and psychological characteristics over time, and how this might influence STI risk in a heterosexual population. Investigating changes in STI risk over time based on real-life longitudinal data on both psychological and behavioral characteristics might facilitate the development and implementation of more effective evidence-based interventions in clinical practice.

The aim of this study was to identify longitudinal patterns of STI risk based on psychological characteristics and sexual behavior among heterosexual STI clinic visitors. Subgroups of individuals, differentiated by specific psychological and behavioral characteristics, were identified and transitions between these subgroups over time were examined. Demographic and sexual health-related characteristics at baseline, including chlamydia and gonorrhea diagnoses, were compared between the subgroups.

MATERIALS AND METHODS
=====================

Setting
-------

A detailed description of the iMPaCT study has been published elsewhere.^[@bib24]^ In short, a longitudinal cohort study was conducted from November 2016 to July 2018. Heterosexual males and females, including females who have sex with both males and females, aged 18 to 24 years, who visited the STI clinic for STI testing in November 2016 to July 2017, were eligible to participate. Participants were recruited during the process of making an appointment at the STI clinics of the public health services in Amsterdam, Kennemerland, Hollands Noorden, and Twente in the Netherlands. Individuals who signed the informed consent, completed an online questionnaire, and provided contact information for follow-up, were enrolled for 1 year. Online questionnaires assessing psychological and behavioral characteristics were administered at 4 different time points: baseline (before STI clinic consultation), 3-week, 6-month, and 1-year follow-up. Furthermore, all participants were tested for chlamydia and gonorrhea at the STI clinic at baseline, and were invited for repeat testing with a home-based test kit for chlamydia and gonorrhea at 6-month follow-up (all nucleic acid amplification tests). The iMPaCT study was approved by the Medical Ethical Committee of the University Medical Center Utrecht, the Netherlands (NL57481.094.16/METC18-363/D/Dutch Trial Register NTR-6307).

Data Collection
---------------

Demographic and sexual health-related data registered by the STI clinics were extracted from the national STI surveillance database, using a unique identification number of the iMPaCT study. Data on psychological and behavioral characteristics were measured in the online questionnaires, using the same questions in each follow-up questionnaire. The development and content of the questionnaire has been described in detail elsewhere,^[@bib24]^ and the complete questionnaire is available online.^[@bib25]^ The following psychological characteristics were assessed in the questionnaires: perceived importance of (sexual) health or "health goals," attitudes regarding prevention of chlamydia, intentions regarding condom use and STI testing, anticipated stigma and shame regarding chlamydia diagnosis, impulsiveness, knowledge on sexual health in terms of prevention and consequences of chlamydia, self-efficacy regarding condom use, social context regarding condom use and STI testing (ie, social support, social and subjective norms), self-esteem, and risk perception for chlamydia. Behavioral data included the number of partners in the past 6 months, and condom use in general (scale from 1 = never to 5 = always). A detailed description of the data collection is provided in Supplemental Digital Content 2 <http://links.lww.com/OLQ/A448>, text S1 and Table S1.

All psychological and behavioral variables from the questionnaire were included in the statistical analysis. To improve the interpretability of the identified subgroups and to provide clear cutoff values, which are practically applicable in clinical practice, variables were dichotomized. The psychological and behavioral variables were divided in 2 categories at the median: "low" (values \< median), and "medium/high" (values ≥ median).

Statistical Analysis
--------------------

All participants who completed the baseline questionnaire were included in the statistical analyses. Latent class analysis (LCA) was performed to determine the number of subgroups, or "latent classes," based on psychological and behavioral characteristics. In the LCA, models with 2 to 6 latent classes were fitted to baseline data (before STI clinic consultation), minimizing the potential influence of the STI clinic consultation on the reporting of psychological and behavioral characteristics.^[@bib26]^ The psychological and behavioral variables in the questionnaires were selected based on their association with (changes in) STI risk, and, therefore, all these variables were included in the LCA. The number of latent classes was determined by examining a combination of model fit indices: the Akaike information criterion and Bayesian Information Criterion values (BIC) (ie, lower values indicating a better model fit), the Voung-Lo-Mendell-Rubin Likelihood Ratio Test (VLMR), and Bootstrapped Likelihood Ratio Test (BLRT) (ie, *P* \< 0.05 indicating significant improvement in model fit when 1 more class is added).^[@bib27],[@bib28]^

To identify movement from 1 latent class to another over time, latent transition analysis (LTA), a longitudinal extension of LCA, was performed. The number and characteristics of the latent classes were fixed at each time point. To test this assumption, the BIC of the model with fixed classes over time was compared with the BIC of a model without fixations (ie, characteristics of each latent class may vary over time) with lower BIC values indicating a better model fit. The LTA was optimized by increasing the number of iterations and random sets of start values until the optimal maximum likelihood solution was achieved, and classification performance was evaluated using the entropy value, and the interpretability of the latent class characteristics. Entropy values are indicators of classification performance, and values of 0.8 to 1.0 indicate good classification of the latent classes.^[@bib27],[@bib28]^ This means that the probability that an individual was correctly allocated to a latent class at baseline and each follow-up moment is high, suggesting clear delimitation of the latent classes. Furthermore, for the latent class interpretation, a smaller number of latent classes that can be well distinguished from each other was preferred over a larger number of latent classes with characteristics that are less distinctive. Missing values in the follow-up data were handled using the full-information maximum likelihood technique,^[@bib29]^ which is an iterative process using all the available data of complete and incomplete cases to predict the most likely latent class membership. To assess the uncertainty of this method, sensitivity analyses were performed comparing the transition probabilities of an LTA, including only the complete cases (ie, participants who filled out all 4 questionnaires) and the participants who filled out at least 1 follow-up questionnaire, with the main analyses. From the final model, the following data were extracted: the item-response probabilities of the latent classes for each psychological and behavioral variable, the estimated transition probabilities between successive data collection moments, and the most likely latent class pattern for each participant. The latent classes were labeled based on the most distinctive psychological and/or behavioral characteristics. Participants were classified to their most likely latent class pattern, which is justified if entropy of the LTA is higher than 0.8.^[@bib30]^ Subsequently, potential covariates (ie, demographic and sexual health-related data) were compared between the latent classes at baseline using univariable logistic regression analyses. All statistical analyses were done using Mplus version 8.2.^31s^

RESULTS
=======

Participant Characteristics
---------------------------

In total, 810 (6% of all eligible STI clinic visitors) individuals signed the informed consent, completed the online questionnaire and provided contact information for follow-up. Participants were more likely to be female, highly educated, older (\>20 years), and ethnic Dutch, to have had ≥3 partners in the past 6 months, and less likely to report STI-related symptoms, to have been notified by a partner, to have had condomless sex, compared to other eligible STI clinic visitors who did not participate in the iMPaCT study.^[@bib25]^ The response rate during follow-up was 53% at 3-week, 51% at 6-month, and 43% at 1-year follow-up. Of the 810 participants included in the statistical analyses, 26% completed all follow-up questionnaires, and 72% completed ≥1 follow-up questionnaire. Participants who were lost to follow-up were more likely to report low perceived importance of health compared with participants who were retained, but chlamydia diagnosis at baseline was not a predictor of loss to follow-up.^[@bib25]^

The majority of the study population was ≥22 years old (61%), female (80%), ethnic Dutch (81%), and highly educated (90%). Furthermore, 106 participants (13%) were diagnosed with chlamydia and 7 participants were diagnosed with gonorrhea (0.1%) at baseline. Among those participants who tested again within 1 year after baseline (n = 423), 50 participants (12%) were diagnosed with chlamydia and zero participants with gonorrhea. Among those diagnosed with chlamydia at baseline, 15 (30%) participants were diagnosed with chlamydia again within 1 year after baseline.

Latent Classes
--------------

Based on the AIC value, the VLMR and BLRT, the best fitting model in the LCA was the 4-class model (Supplemental Digital Content 2 <http://links.lww.com/OLQ/A448>, Table S2). The AIC value was lower in the 4-class model compared with the 3-class model (lowest BIC value), and the VLMR and BLRT showed that the 4-class model improved model fit compared with 3-class model (*P* \< 0.05). Furthermore, an LTA with fixed classes over time was more parsimonious (ie, lower BIC) than a model without fixations (data not shown). Therefore, the LTA was performed with 4 fixed latent classes (entropy = 0.83). At baseline, 10% of the participants (n = 75) were in class 1, 21% in class 2 (n = 166), 38% in class 3 (n = 315), and 31% in class 4 (n = 254). Psychological and behavioral characteristics differed significantly between the latent classes (Fig. [1](#F1){ref-type="fig"}, Supplemental Digital Content 2 <http://links.lww.com/OLQ/A448> Table S3). Based on the most distinctive characteristics of each class, class 1 could be referred to as "overall low-risk," class 2 as "insecure high-risk," class 3 as "condom-users," and class 4 as "confident high-risk." The latent classes also differed in terms of demographic and sexual health-related characteristics. The proportion of individuals diagnosed with chlamydia at baseline and/or during follow-up was highest in the insecure high-risk and confident high-risk classes (Supplemental Digital Content 2 <http://links.lww.com/OLQ/A448>, Table S4). Furthermore, in the confident high-risk class, 4 participants (of 7 gonorrhea diagnoses in total) were diagnosed with gonorrhea at baseline, of which 2 were coinfected with chlamydia. Comparing potentially confounding variables showed that participants in the overall low-risk class reported significantly less casual partners compared with the other classes. Furthermore, participants in the confident high-risk class were more likely to be male, highly educated, and to have been notified by their partner for STI exposure, compared with the other classes at baseline (Supplemental Digital Content 2 <http://links.lww.com/OLQ/A448>, Table S5).

![Psychological and behavioral characteristics of each latent class. ^a^ Health goals = perceived importance of (sexual) health. ^b^ Attitudes = attitudes regarding prevention of chlamydia. ^c^ Intentions = intentions regarding condom use and STI testing. ^d^ Knowledge = knowledge on sexual health in terms of prevention and consequences of chlamydia. ^e^ Self-efficacy = self-efficacy regarding condom use. ^f^ Social context = social context regarding condom use and STI testing (ie, social support, social and subjective norms). ^g^ Condom use = condom use in general, high = usually/always. \* Univariate logistic regression *P* \< 0.05, Overall low-risk = reference group. Abbreviation(s): CT = Chlamydia trachomatis.](olq-47-171-g001){#F1}

Longitudinal Patterns of STI Risk
---------------------------------

In the LTA, 32 different longitudinal patterns out of 256 possible patterns were observed. The majority of the participants stayed in the same latent class throughout the whole year, and 20% of the participants were movers. Figure [2](#F2){ref-type="fig"} is an interactive diagram, which shows the study flows (ie, number of participants) between different latent classes over time. Transition probabilities to move from 1 latent class to another were highest between 3-week follow-up and 6-month follow-up (Table [1](#T1){ref-type="table"}). The most common transitions among movers (n = 166) over 1-year follow-up were from the insecure or confident high-risk classes to the overall low-risk and condom-using classes (33%) or between the overall low-risk and the condom-using classes (54%). Less common transitions were from the overall low-risk or the condom-using latent classes to the insecure or confident high-risk latent classes (8%) or between the insecure or confident high-risk classes (5%). All identified transitions resulted in an increase in the size of the overall low-risk class from 10% of the total population at baseline to 30% after 1 year (Table [2](#T2){ref-type="table"}). The sensitivity analyses showed similar transition probabilities for the complete cases, and all participants who filled out at least 1 follow-up questionnaire (Supplemental Digital Content 2 <http://links.lww.com/OLQ/A448>, Table S6 and Table S7). Longitudinal patterns stratified for participants who were diagnosed with an STI at baseline and participants who tested STI negative were comparable (Supplemental Digital Content 2 <http://links.lww.com/OLQ/A448>, Figure S1 and Figure S2).

![Longitudinal patterns with 4 latent classes based on psychological and behavioral characteristics over 1 year follow-up among heterosexual STI clinic visitors aged 18--24 years (n = 810). At baseline, people start in a class, and can stay in that class (broad straight lines to next follow-up moment), or move to another class (diagonal gray lines to next follow-up moment). <http://rpubs.com/dvwees/Figure2>.](olq-47-171-g002){#F2}
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Latent Transition Probabilities at Baseline, 3-Week, 6-Month, and 1-Year Follow-up for the Total Study Population (N = 810)
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Class Proportions in the LTA at Baseline, 3-Week, 6-Month and 1-Year Follow-Up Based on the Estimated Model
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DISCUSSION
==========

Four latent classes were identified that could be differentiated by psychological and behavioral characteristics, and STI risk: overall low-risk, insecure high-risk, condom-users, and confident high-risk. The proportion of STI diagnoses at baseline was higher in individuals characterized by high-risk psychological characteristics (eg, low health goals, high impulsiveness), and high-risk sexual behavior (eg, high number of partners, inconsistent condom use). The majority of the total study population did not move to another latent class over time. Among those who did move to another latent class, the most common transitions were from the insecure high-risk, condom users, and confident high-risk class at 3-week follow-up to the overall low-risk class at 6-month follow-up, thereby increasing the size of the overall low-risk group over the course of this 1-year study. These transitions over time might be explained by the impact of receiving an STI diagnosis on psychological and behavioral characteristics.

The results showed that the overall low-risk and condom users latent class could be referred to as lower risk classes based on their psychological and behavioral characteristics, but the proportion of chlamydia diagnoses at baseline in the condom users was similar to that in the insecure and confident high-risk classes. An explanation for this might be that the condom-users reported less STI testing in the year before baseline compared with other risk classes. As chlamydia infections are usually asymptomatic, a large proportion of the chlamydia infections at baseline in the condom users may have gone undetected for months.^32s^ The finding that the proportion of individuals diagnosed with chlamydia during follow-up was low in both the overall low-risk and condom users class, compared with the insecure and confident high-risk classes, supports this explanation. In addition, individuals in the insecure and confident high-risk classes were more likely to have been tested for STI in the past year at baseline compared with condom users, which suggests that even though most high-risk individuals did not reduce their risky behavior over time, they do test for STI regularly (ie, secondary prevention instead of primary prevention). This has been described before by other researchers, who argued that STI testing was often viewed as a substitute to condom use.^33s^

The findings in this study regarding the characteristics of the insecure and confident high-risk classes are consistent with those from other studies, including the association between high impulsiveness,^34s^ lower health goals,^35s^ less positive attitudes toward the prevention of chlamydia,^36s^ lower intentions to use condoms,^36s^ and increased STI risk. Also, in accordance with a previous study into STI risk perception and the association with risky sexual behavior,^11^ the present study demonstrated that risk perception was higher in individuals in high-risk classes, indicating realistic assessments of their STI risk in agreement with their behavior. Furthermore, males were more likely to be in the confident high-risk class. This is in line with a previous study showing gender discrepancies in reporting of sexual behavior among heterosexuals, such as males reporting a higher number of partners than females.^37s^ It is difficult to compare the longitudinal patterns in the current study to other longitudinal studies into sexual behavior change and STI risk among young heterosexuals, which usually report change for each variable separately. There are previous studies that used similar techniques (ie, cluster analysis, latent class growth mixture modeling) to identify longitudinal trajectories of sexual behavior in MSM, but it should be kept in mind that psychological and behavioral characteristics in a population of MSM might be very different from a heterosexual population. Similar to the 80% of participants in the present study who did not move to another latent class over time, 1 study among HIV-negative MSM in the Netherlands found that 90% of individuals showed stable sexual behavior during follow-up.^[@bib16]^ Another study among Swiss MSM found sexual behavior over time to be more variable, but still the majority of the study population 53% showed stable sexual behavior over time.^[@bib21]^

The main strength of this study was the extensive collection of longitudinal data on psychological characteristics, sexual behavior, demographic characteristics, and sexual health outcomes. Furthermore, this is, to our knowledge, the first study to uncover longitudinal patterns of STI risk based on multiple psychological and behavioral characteristics among heterosexual STI clinic visitors. This study also had several limitations. First, the findings from this study should be interpreted with the characteristics of the study population in mind, as STI clinic visitors tend to be more high-risk compared with the general population.^[@bib4],38s^ However, this can also be viewed as a strength of this study, as these findings could be used to tailor interventions to subgroup characteristics at the STI clinic, which might increase the impact of these interventions on reducing risk behavior and STI risk in a high-risk population. Second, although the total sample size in the LTA was relatively large, the small sample size of the lowest risk class hampered adjustment for possible effect modifiers and confounders in the comparison of demographic and sexual health-related characteristics between risk classes (ie, possibly biased estimates). Finally, as in most longitudinal cohort studies, there was substantial loss to follow-up, which could have led to more uncertainty in the classification of participants with missing data. Thus, the full-information maximum likelihood technique to deal with missing follow-up data was used. Furthermore, the sensitivity analysis showed similar transition probabilities for the complete and incomplete case analysis compared with the main analysis, which means that the longitudinal patterns were similar to the main analysis including missing data.

The findings of this study suggest that even though the participants might have been exposed to interventions at the STI clinic, as health care professionals often apply risk reduction counseling during a face-to-face test consultation (eg, motivational interviewing),^39s^ the impact of these interventions on behavioral and psychological characteristics was limited in the majority of the study population (ie, no behavior change). Furthermore, the identified transitions to lower risk latent classes were mainly 6 months or 1 year after the STI clinic visit at baseline, suggesting that these transitions might not be related to the STI clinic visit. These findings highlight the need for an integral approach when deploying behavior change interventions, targeting multiple characteristics at once. Adapting interventions to match the psychological and behavioral characteristics of distinct subgroups might increase the impact of behavior change interventions on STI transmission. For example, combining strategies to increase health goals (eg, stimulating sexual health goal pursuit^35s^), attitudes and intentions toward condom use (eg, implementation intentions^40s^), and to decrease impulsiveness (eg, time-based interventions^41s^), during a face-to-face consultation might be more effective in achieving risk-reducing behavior in the insecure and confident high-risk subgroups than targeting only 1 distinctive characteristic. Psychological characteristics differentiating subgroups could be assessed with a few simple questions during (the online intake for) the STI clinic consultation. Furthermore, as resources to offer face-to-face consultations are often limited, alternative strategies based on behavior change theories,^42s^ such as waiting room--delivered videos, printed materials, and online interventions, could be used.^43s--46s^ Future research should investigate the impact of interventions adapted to subgroup characteristics on sexual behavior and STI risk over time, including identifying the best timing of interventions, examining how to combine different strategies, and how to implement effective evidence-based interventions in clinical practice.

In conclusion, distinct subgroups among heterosexual STI clinic visitors can be differentiated from each other by multiple psychological and behavioral characteristics, and these characteristics reflecting STI risk are consistent over the course of 1 year in most individuals. Adapting interventions to match the characteristics of high-risk subgroups could help to achieve the changes in psychological characteristics and sexual behavior needed to reduce STI risk. Thus, an integral approach, combining different intervention strategies targeted at multiple psychological and behavioral characteristics at once, might be more effective in controlling STI transmission.
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